Objective: To evaluate a modified Finnish Diabetes Risk Score (FINDRISC) for predicting the risk of incident diabetes among white and black middle-aged participants from the Atherosclerosis Risk in Communities (ARIC) study.
Communities Study is carried out as a collaborative study supported by National Heart, Lung, and Blood Institute contracts (HHSN268201100005C,  HHSN268201100006C,  HHSN268201100007C,  HHSN268201100008C,  HHSN268201100009C,  HHSN268201100010C,  HHSN268201100011C , and HHSN268201100012C), R01HL087641, R01HL59367 and R01HL086694.
| INTRODUCTION
The worldwide prevalence of diabetes was 8% in 2012 and approximately 5.1 million people between 20 and 79 years of age died from diabetes in 2013. 1 The prevalence of diabetes in the adult population of the USA had exceeded 11% by the year 2010. 2 What many believe to be an epidemic of type 2 diabetes around the world has fueled interest in the development of simple and affordable screening strategies to identify individuals who would benefit from aggressive lifestyle strategies or pharmacologic prevention strategies. 3, 4 To improve upon the predictive properties of fasting or 2-hour glucose tolerance, several multivariable models that utilize a combination of risk factor profiles and measures of glucose disturbances with clinical variables have been published. [5] [6] [7] [8] [9] [10] [11] [12] Although such "complex" algorithms may be appropriate for etiologic investigations of the underlying causes of the development of type 2 diabetes, they may be impractical from the standpoint of public health screening efforts to identify individuals at high-risk of glucose disturbances who would benefit principally from primary prevention strategies. 5, 6, 9, 10 There are multiple reviews of diabetes risk scores in the literature. [13] [14] [15] A recent database search yielded a total of 8864 records for diabetes risk scores, but only 145 of them were actually tested in populations, and details of only 96 models were available. 13 These studies took place in 17 countries on 6 continents: 30 in 16 ADA, 17 Cambridge, 18 German Risk Score, 19 Rotterdam 20 Recently, a cross-sectional analysis of the FINDRISC was carried out with NHANES data to identify participants with undiagnosed diabetes and pre-diabetes in US populations. 24 The purpose of the current study was to prospectively evaluate the ability of the FINDRISC to predict diabetes (treated or untreated) during 9 years of follow-up among white and black middle-aged men and women in the USA.
| METHODS
Data from baseline (visit 1) of the Atherosclerosis Risk in Communities (ARIC) study was used to identify participants with prevalent diabetes and to ascertain participants' values on FINDRISC algorithm components. Follow-up visits 2, 3 and 4 (occurring at approximately 3-year intervals) were used to ascertain incident diabetes status. As not all self-reported FINDRISC data were available for analysis, we evaluated the diagnostic properties of a modified FINDRISC using receiver operator characteristic (ROC) curves. We assessed the ability of the modified FINDRISC to predict incident diabetes during 9 years of follow-up, for the overall population and within race/gender groups, in participants with no evidence of diabetes at baseline.
| Study population
The ARIC study is a prospective study of 15 792 individuals aged 45 to 64 years from 4 US communities 25, 26 : Forsyth County, North Carolina; Jackson, Mississippi; suburbs of Minneapolis, Minnesota;
Washington County, Maryland. We excluded 48 participants who
were not white or black, and black individuals living in the Minnesota and Maryland study communities (n = 55), because of a lack of power to make inferences on these populations. We also excluded 516 participants at baseline who were not fasting 8 hours or more, as well as 
| Study definition of diabetes
The definition of diabetes was the same for all 4 visits: fasting blood glucose concentration of ≥126 mg/dL, self-reported history of diabetes, diagnosis of diabetes by a physician, or the use of any medication for diabetes or high blood glucose.
| FINDRISC
The FINDRISC algorithm was developed in the Finnish population to screen for individuals at high risk of developing diabetes 16 and includes the following measures: age; BMI; waist circumference; physical activity; daily consumption of fruits, vegetables and berries;
history of medication for hypertension; self-reported history of elevated glucose (or gestational diabetes); and family history of diabetes (Table S1 , Supporting Information). We used a modified FINDRISC because of the characteristics of our study population and the data available, as described below. The comparison of the original FIN-DRISC with our modified FINDRISC with respect to variables and their associated score points is given online in Table S1 , Supporting
Information. The original 16 FINDRISC ranged from 0 to 26 while our modified FINDRISC ranged from 2 to 17.
The age strata of eligible ARIC participants at baseline corresponded to the FINDRISC algorithm of 45 to 54 years and 55 to 64 years with 2 and 3 points, respectively. Meanwhile, the anthropometric measures of BMI and waist circumference were assessed at baseline for each cohort member and defined exactly as shown in Table 1 , consistent with the original FINDRISC.
Data on physical activity and fruit, vegetable and berry consumption were not collected in ARIC at baseline in a manner consistent with the original FINDRISC 16 (Table S1 , Supporting Information). Specifically, while participants were asked about physical activity at work and during leisure time, duration of activity was not captured. Similarly, data were ascertained at baseline regarding participants' consumption of particular fruits and vegetables, but not fruits, vegetables and berries as food categories. Thus, we were not able to consider questions on physical activity and diet in the present analysis. It should be noted, however, that a simplified FINDRISC model without indicators of fruit and vegetable consumption and physical activity was successfully validated to predict risk prevalence of type 2 diabetes in an Omani population 27 and incidence of disease without the dietary question in a German population. 28 Participants were asked to bring containers of all medications used during the past 2 weeks to the baseline visit. Additionally, ARIC study staff asked participants about specific types of medications, including the question "Were any of the medications you took during the past 2 weeks for high blood pressure?" These data were used to ascertain whether a participant was taking high blood pressure medication on a regular basis (Table S1 , Supporting Information). Meanwhile, data limitations precluded inclusion of history of self-reported elevated blood glucose (Table S1 , Supporting Information). At baseline, ARIC study staff asked participants specifically about the use of glucose-lowering drugs and assessed fasting blood glucose of all participants, but did not inquire about gestational diabetes or history of other elevated blood glucose readings.
Although participants were asked to report parental history of diabetes at baseline, participants were not asked whether grandparents, siblings or children had been diagnosed with diabetes. Thus, participants were assigned 5 points on the modified FINDRISC if their biological mother or father ever had, or now has, diabetes (Table S1 , Supporting Information).
| Data analysis
We used logistic regression to estimate odds ratios and 95% confidence intervals (OR, 95% CI) for the association between the modified FINDRISC and incident diabetes. To investigate the utility of the score to predict the outcome of interest, the modified FINDRISC was modeled as a continuous variable, and ROC curves were generated by plotting the sensitivity of the score vs the false-positive rate (1-specificity)
for the overall study sample. Stratified analyses were then conducted according to race/gender groups to evaluate the consistency of the predictive properties of the modified FINDRISC for white and black men and women. We reported area under the curve (AUC) statistics
for the study population, overall and by race/gender group. 
| RESULTS
Baseline characteristics of ARIC study participants stratified by incident diabetes status at the end of the 9-year follow-up period are given in Table 1 . The overall 9-year cumulative incidence of diabetes was 12.1% (1180/9754). By race/gender group, the cumulative incidence of diabetes was 20.3% for black women, 18.8% for black men, 12.4% for white men and 8.6% for white women (data not shown; FIGURE 1 Nine-year risk of incident diabetes by decile of the modified FINDRISC: ARIC study available by calculating events and non-events in Table 3 ). Among individuals who developed diabetes, 49% were obese, over 70% had a high waist circumference, 40% reported use of anti-hypertensive medication at baseline, and 38% had parental history of diabetes (Table 1 ). The mean modified FINDRISC was 10.5 (SD 3.3) among those who developed diabetes and 7.8 (SD 3.6) among those who did not.
Baseline characteristics of the study population by race/gender groups are given in Table 2 . Forty-two percent of black women were obese and 70% had a high waist circumference, while only 27% of black men were obese and 28% had a high waist circumference (Table 2) . Twenty-one percent of white individuals were obese, but gender differences in high waist circumference were observed; 63% of women vs 30% of men had a high waist circumference. The mean modified FINDRISC for black women was also higher than that for black men, white women and white men at baseline. Use of antihypertensive medication at baseline was common among all race/gender subgroups (22%-44%) and was highest among black women. ROC curve statistics for the continuous FINDRISC, overall and by race/gender groups, are given in Table 3 . The AUC for risk of incident diabetes was highest for white women (0.77) and lowest for black men (0.70). We also modeled individual FINDRISC components as categorical variables and observed multivariable ORs and 95% CIs, respectively, for incident diabetes as shown in Table 4 and below.
Overall, the odds of diabetes were highest for obese study participants (4.00, 3.15-5.07), controlling for age, waist circumference, antihypertensive medication and family history of diabetes.
Among black women (2.39, 1.00-5.75), black men (4.65, 1.96-11.0) and white men (3.13, 1.98-4.96), high waist circumference was the most dominant predictor of incident diabetes (Table 4) . Meanwhile, obese BMI (3.42, 2.33-5.02) had the largest effect on risk for white women (Table 4 ). Family history of diabetes had a smaller magnitude of effect among black men compared to other race/gender groups ( Table 4) . was associated with incident diabetes in the overall sample, and its effect was highest for white women and lowest for black women (Table S2 , Supporting Information).
| DISCUSSION
We used a modified FINDRISC algorithm to predict incident diabetes in the ARIC cohort among the subset of the original cohort without missing diabetes status at all follow-up visits. In this population, the risk of diabetes generally increased with an increase in the FINDRISC for all race/gender groups. At some deciles of the modified FINDRISC algorithm, the scores appear to represent different levels of absolute risk within each race/gender group. This difference was most prominent for black women in the highest decile of risk, corresponding to a modified FINDRISC of 14 to17. Thus, we found that, while the FIN-DRISC is predictive within race/gender groups, it does not appear from these data that there is a single threshold for absolute risk that can be applied to a diverse population. This is in keeping with previous findings in other populations. 29 Scores such as the FINDRISC may be especially useful for identifying people at risk of diabetes outside traditional medical care settings, because existing diabetes risk prediction algorithms that require fasting or 2-hour glucose measures also limit the contexts in which they can be applied. Prediction of diabetes with these non-clinical algorithms has been shown in most cases to improve only marginally beyond algorithms comprised of fasting or post-prandial glucose measures in addition to more well-established and clinically-available risk factors for diabetes. For the first time, we used a modified FINDRISC score for diabetes prediction among a diverse US-based population.
We analysed the impact of each FINDRISC component in multivariable analyses, and found different magnitudes of effect for the components by race/gender group. For example, waist circumference was more predictive of incident diabetes than was BMI among black men, but not among white women. In the context of using the FIN-DRISC algorithm as part of public health screening efforts to identify populations at greater risk of diabetes, our results from this subset of the original ARIC cohort indicate that either different threshold cutpoints for different race and gender groups may be needed or that, for optimal utility, the algorithm may need to be calibrated to derive different metrics for the individual components for different race, gender or race-by-gender groups in order to derive a common score that represents a similar magnitude of risk for all groups.
Our results indicated that the modifiable measures of adiposity (BMI and waist circumference) were associated with higher odds of diabetes than other risk score components. Consistent with previous analyses in ARIC 29 and other population-based studies, we demonstrated that obesity and high waist circumference were critical for the prediction of diabetes but that age, use of anti-hypertensive medication and family history of diabetes were not as strong as predictors of incident diabetes in this population. The AUCs for waist circumference (0.72) and BMI alone (0.73), were almost comparable to the modified FINDRISC (0.74) for the overall sample. Although this was true for our study sample, we do not have the data to determine whether this finding would be externally valid for other populations.
It is possible that these observed relationships are explained by the specific measures of adiposity and their correlations with other cooccurring factors not controlled for in our study sample. For example, the prevalence of obesity in our study population was higher compared to previous populations in which the FINDRISC was evaluated, There were some key differences between these investigations; our analysis was longitudinal and assessed incident diabetes, while the NHANES analysis was cross-sectional and identified participants with undiagnosed diabetes and pre-diabetes. 24 Also, the NHANES analysis used the original FINDRISC to evaluate diabetes while we used a modified FINDRISC in the current study.
Our study included a large, multicentre, biracial population for analysis. To our knowledge, the current investigation using data from the ARIC study is the first time the FINDRISC has been used for fied that neither item added much to the predictive power of the statistical model, but were included in the risk score for public health purposes, to emphasize the importance of physical activity and diet in the prevention of diabetes. 30 Thus, not utilizing these 2 measures in the ARIC data probably did not affect the diagnostic properties of the modified FINDRISC in this population. However, it should be acknowledged that we were also unable to account for prior history of elevated glucose/gestational diabetes, nor for extended family history of diabetes. Limitations of our data source may have precluded characterization of conditions such as pre-diabetes, which may contribute to the predictive power of the FINDRISC in certain race/gender groups.
A limitation of using these ARIC data to re-calibrate the FIN-DRISC, as previously described, is the differential loss to follow-up of persons of minority race/gender groups. Of note, these same groups have a smaller representation to begin with, have competing risks that may have precluded their eligibility for these analyses, and diabetes status may be more likely to be missing during follow-up.
Regardless of these limitations, the modified FINDRISC may be useful for early screening of incident diabetes in biracial populations.
Importantly, the score could be used as a tool for informing the public about risk factors associated with diabetes, in order to help them make healthy lifestyle choices to address obesity. Such an assessment of diabetes risk may allow for early intervention to delay or prevent diabetes. Finally, caution should be employed when interpreting this type of diabetes prediction model in biracial populations as we found differential prediction by race.
